The article presents solution procedure of geometric programming to solve the structural model with imprecise coefficients. We have considered a single objective structural optimization model with weight as an objective function. Geometric programming provides a powerful tool for solving a variety of imprecise optimization problems. Here we use nearest interval approximation method to convert a triangular fuzzy number to an interval number. In this paper, we transform this interval number to a parametric interval-valued functional form and then solve the parametric problem by geometric programming technique. The advantage of this technique is that we can find directly optimal solution of the objective function without solving two-level mathematical programs. Numerical example is given to illustrate the model through this approximation method.
Introduction
Structural optimization is a critical activity that has received considerable attention in the last four decades. Usually, structural optimization problems involve searching for the minimum of the structural weight. This minimum weight design is subject to various constraints on performance measures, such as stresses and displacements. Optimum shape design of structures is one of the challenging research areas of the structural optimization field. That is why the application of different optimization technique to structural problems has attracted the interest of many researchers. For example, artificial bee colony algorithm (Sonmez, 2011) , particle swarm optimization (Luh et al., 2011) , genetic algorithm (Dede et al., 2011) , ant colony optimization (Kaveh et al., 2010) etc.
In practice, the problem of structural design may be formed as a typical non-linear programming problem with non-linear objective functions and constraints functions in fuzzy environment. Zadeh (1965) first introduced the concept of fuzzy set theory. Then Zimmermann (1978) applied the fuzzy set theory concept with some suitable membership functions to solve linear programming problem with several objective functions. Some researchers applied the fuzzy set theory to structural model. For example, Wang et al. (1985) first applied α -cut method to structural designs where the non-linear problems were solved with various design levelsα , and then a sequence of solutions were obtained by setting different level-cut value of .
α Rao (1987) applied the same α -cut method to design a four-bar mechanism for function generating problem. Structural optimization with fuzzy parameters was developed by Yeh et al. (1990) . Xu (1989) used two-phase method for fuzzy optimization of structures. Shih et al. (2004) used level-cut approach of the first and second kind for structural design optimization problems with fuzzy resources. Shih et al. (2003) developed an alternative α -level-cuts methods for optimum structural design with fuzzy resources.
Geometric Programming (GP) method is an effective method used to solve a non-linear programming problem like structural problem. It has certain advantages over the other optimization methods. Here, the advantage is that it is usually much simpler to work with the dual than the primal one. Solving a non-linear programming problem by GP method with degree of difficulty (DD) plays essential role. (It is defined as DD = total number of terms in objective function and constraints -total number of decision variables -1). Since late 1960's, GP has been known and used in various fields (like OR, Engineering sciences etc.). Duffin et al. (1967) and Zener (1971) discussed the basic theories on GP with engineering application in their books. Another famous book on GP and its application appeared in 1976 (Beightler et al., 1976) .The most remarkable property of GP is that a problem with highly nonlinear constraints can be transformed equivalently into a problem with only linear constraints. In real life, there are many diverse situations due to uncertainty in judgments, lack of evidence etc. Sometimes it is not possible to get relevant precise data for the cost parameter. The idea of impreciseness (fuzziness) in GP i.e. fuzzy geometric programming was proposed by Cao (1987) . Yang et al. (2010) discussed about the basic and its applications of fuzzy geometric programming. Ojha et al. (2010) used binary number for splitting the cost coefficients, constraints coefficient and exponents and then solved it by GP technique. A solution method of posynomial geometric programming with interval exponents and coefficients was developed by Liu (2008) . Nasseri et al. (2014) solved two bar truss nonlinear problem by using geometric programming technique into the form of two-level mathematical programming.
In this paper, we transform interval number to a parametric interval-valued functional form and then structural model becomes parametric structural model, which is solved by geometric programming technique. The proposed procedure is more effective and easy to calculate the different value of the objective function for different value of the parameter. The main benefit of this approximation procedure is that it is not required to create two-level mathematical programming.
Structural Optimization Model
In sizing optimization problems, the aim is to minimize a single objective function, usually the weight of the structure, under certain behavioral constraints on stress and displacements. The design variables are most frequently chosen to be dimensions of the cross-sectional areas of the members of the structure. Due to fabrication limitations the design variables are not continuous but discrete since crosssections belong to a certain set. A discrete structural optimization problem can be formulated in the following form ( ) ( ) min subject to 0, 1, 2,..., . , 1, 2,...., .
where ( ) f A represents objective function, ( ) 
and constraints are chosen to be stress of structures as follows, 
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Geometric Programming
Geometric program (GP) can be considered as an innovative modus operandi to solve a nonlinear problem in comparison with other nonlinear technique. It was originally developed to design engineering problems. It has become a very popular technique since its inception in solving nonlinear problems. The advantages of this method is that ,this technique provides us with a systematic approach for solving a class of nonlinear optimization problems by finding the optimal value of the objective function and then the optimal values of the design variables are derived. Also this method often reduces a complex nonlinear optimization problem to a set of simultaneous equations and this approach is more amenable to the digital computers. GP is an optimization problem of the form:
Geometric Programming Problem
, ,.....,
Dual Problem
The dual problem of the primal problem (5) and 00 1 w = .
Case I: For 1 N n ≥ + , the dual program presents a system of linear equations for the dual variables where the number of linear equations is either less than or equal to the number of dual variables. A solution vector exists for the dual variable (Beightler et al., 1976) .
Case II: For 1 N n < + , the dual program presents a system of linear equations for the dual variables where the number of linear equation is greater than the number of dual variables. In this case, generally, no solution vector exists for the dual variables. However, one can get an approximate solution vector for this system using either the least squares or the linear programming method.
Fuzzy number and its nearest interval approximation
Fuzzy number
A real number  A described as fuzzy subset on the real line ℜ whose membership function
has the following characteristics with
x a a µ → is continuous and strictly increasing; α − level set: The α − level of a fuzzy number  A is defined as a crisp set ( )
A α is a non empty bounded closed interval contained in X and it can be denoted
( ) 
Interval number
An interval number A is defined by an ordered pair of real numbers as follows 
the half-width of A .
Nearest interval approximation
Here we want to approximate a fuzzy number by a crisp model. Suppose  A and  B are two fuzzy numbers with α − cuts are 
Now we have to minimize
with respect to L C and R C .
In order to minimize   ( ) ( )
The first partial derivatives are
is the nearest interval approximation of fuzzy number  A with respect to the metric d .
, , A a a a = be a triangular fuzzy number. The α − cut interval of  A is defined as 
Geometric Programming with fuzzy coefficient
When all coefficients of Eq. (6) 
> for all j and k . Using parametric interval-valued functional form, the problem (7) This is a parametric geometric programming problem. We get different solutions of this problem for different value of the parameter s .
Two Bar Truss Structural Model
The symmetric two-bar truss (Nasseri et al., 2014) shown in Fig. 1 is considered here. The objective is to minimize the weight of truss subject to the stress σ constraints of each bar. There are two design variables-mean tube diameter (d) and height (h) of the truss. , ,
Parametric Geometric Programming Technique on Two bar Truss Structural Model
According to section 4, the fuzzy two bar truss structural model (13) reduces to a parametric programming by replacing
The model (14) takes the reduces form as follows (14) Note that the optimal solution of GP technique in parametric approach is depends on s .
An illustrative example
The input data for the structural optimization problem (10) is given as follows: Applying Geometric Programming Technique, the dual programming of the problem (16) The optimal solution of the fuzzy model by interval-valued parametric geometric programming is presented in Table 2 . For 0 s = , the lower bound of the interval value of the parameter is used to find the optimal solution. For 1 s = , the upper bound of interval value of the parameter is used for the optimal solution. These results yield the lower and upper bounds of the optimal solution. The main advantage of the proposed technique is that one can get the intermediate optimal result using proper value of s .
Conclusion
The advantage of this technique is that we can find directly optimal solution of the objective function without solving two-level mathematical programs. This method is simple and takes minimal time. Here decision maker (engineer) may obtain the optimum results as per his/her requirement .The methodology presented in this paper can be applied in other fields of engineering optimization.
